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ABSTRACT

Twenty-three samples are collected (9 samples of sulfate-resistant cement, 7
samples for each of the oil-well cement, class B and G) during four months from the
production line of Al-Hadbaa cement plant, which operates in the wet production
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method, in Hammam Al-Alil district south of Mosul city. The research aims to
evaluate the chemical and physical properties of sulfate-resistant cement and oil-well
cement produced in the studied plant according to the approved standard
specifications. Some of the samples are analyzed by X-ray diffraction device, and
chemically by X-ray fluorescence and gravimetric titrimetric chemical methods. The
results of physical tests are obtained (fineness by Blaine method and sieves, water-
cement ratio, setting time (initial and final), soundness by autoclave method, and
compressive strength) for cement of three types according to the requirements of the
Iragi Standard Specification (no.5, 1984). As well as the results of physical tests
(mixing water percent, fineness, slurry density, thickening time, free fluid content,
compressive strength, and dry cement density) for oil-well cement are according to the
requirements of the American Petroleum Institute specifications for the samples taken
from Al-Hadbaa cement plant, which is carried out within the requirements of quality
control overproduction.

The study concludes that the results of chemical analysis, calculating some of the
chemical moduli, percent of mineral phases, and results of physical tests for three
types of cement are close in their values, and conforming to the limits of chemical and
physical requirements of the Iragi Standard Specification (no.5, 1984). Except that the
aluminate phase CsA content, which is more than the required limit. The results of
chemical analysis, calculating the percent of mineral phases, and the results of physical
tests for the studied oil-well cement are in conformity to the limits of chemical and
physical requirements of the American Petroleum Institute Specifications (APl 10A,
2010), for the cement type of moderate resistant for sulfate (class B and G). Except for
the values of alite phase CsS content, and alkalis (sodium) equivalent Na.,OEQ for
class G, which are not conforming to specifications.

Key words: Sulphate resistant cement, Oil well cement, Mineral phases of cement,
Chemical moduli of cement, Physical properties of cement.
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C3S (CasSiOs)=4.071(CaO-Free lime)-7.6 Si0-6.718Al,03 -1.43Fe,05-2.852 SOs (1)
C2S (Ca,Si04) = 2.867 SiO2 - 0.754 C3S ........ (2)
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C3A (CazAl>06) = 2.65 Al;03 - 1.692 Fe20s ... (3)

CAAF (CasAl2Fe2010) = 3.043 Fe20s3 ... (4)
Gypsum % =2.15 SOs ...... ()
Y Jlaainly i 55 oSl A ) Aiaedl) ) e S (5 sinall A O3labaall Gl o5

el o (3) Jsaall mmss (2) Jsaall 8 daia sall 5 G yaall i) ziladl LSl Jadadl)
o g2l e 2 3lail L ana 5 4 gunall A 1) Agianall Sl sk (5 sina 5 iliasS])

23l (30 330 B (WHY6) A sl ol sl (ymns 5 Ay i) i 1) yualinl ST ¥ ma 5 5 sima 12 Jpaall

Al Al )all G5 B s Jadill LT caiand 5 <y Sl gliall crianY)

Sample No. Sulfate Resistant cement Oil-well cement Class B
CM CM CM CM | Average | CB CB CB CB Average
. 7-1 8-1 9-1 10-1 7-1 8-1 9-1 10-1
Constituent
wt%
SiO2 19.73 | 19.72 | 19.56 | 19.73 19.69 19.68 | 19.62 | 19.79 | 19.78 19.72
Al2Os 5.52 5.46 5.50 5.46 5.48 550 | 549 | 554 5.52 5.51
Fe203 6.08 6.49 541 5.28 5.82 6.29 | 6.06 | 6.15 5.80 6.07
CaO 58.86 | 58.29 | 58.37 | 58.67 58.55 58.84 | 58.59 | 58.68 | 58.93 58.76
MgO 3.60 3.60 3.56 3.64 3.60 365 | 362 | 3.58 3.59 3.61
SOs 2.25 2.30 2.26 2.28 2.27 223 | 219 | 227 217 2.22
Na:0 1.18 1.58 1.47 1.49 1.43 112 | 117 | 154 1.26 1.27
K20 0.21 0.18 0.26 0.29 0.23 0.20 | 0.18 | 0.19 0.28 0.21
TiO2 0.34 0.34 0.34 0.31 0.33 034 | 032 | 0.33 0.33 0.33
MnO 0.29 0.32 0.23 0.21 0.26 0.30 | 0.28 | 0.30 0.19 0.27
P20s 0.06 0.06 0.05 0.05 0.06 0.05 | 0.06 | 0.05 0.06 0.06
Cl 0.01 0.01 0.01 0.01 0.01 001 | 001 | 0.01 0.01 0.01
LOI 1.87 1.65 2.98 2.58 2.27 179 | 241 | 157 2.08 1.96
Total (Recal.) 100 100 100 100 100 100 100 100 100 100
IR 0.28 0.43 1.06 1.09 0.72 0.72 | 057 | 0.90 0.44 0.66
FL 0.90 1.01 0.95 0.84 0.93 0.73 | 090 | 0.78 0.78 0.80
(2) Jo> aiy
Sample No. Qil-well cement Class G
CG CG CG CG Average
Constituent 7-1 8-1 9-1 10-1
wt%
SiO; 19.67 19.86 19.64 19.83 19.75
Al203 5.51 5.58 5.47 5.53 5.52
Fe203 6.21 6.02 6.31 5.82 6.09
CaO 58.52 59.39 58.45 58.90 58.81
MgO 3.59 3.65 3.60 3.61 3.61
SOs 2.29 2.27 2.26 2.28 2.28
Na:0 1.43 1.06 1.35 1.51 1.34
K20 0.19 0.09 0.19 0.24 0.18
TiO2 0.37 0.36 0.34 0.34 0.35
MnO 0.30 0.27 0.30 0.26 0.28
P20s 0.05 0.06 0.06 0.06 0.06
Cl 0.01 0.01 0.01 0.01 0.01
LOI 1.86 1.38 2.02 1.61 1.72
Total (Recal.) 100 100 100 100 100
IR 0.58 0.56 0.74 0.95 0.71
FL 0.78 0.84 0.73 0.78 0.78
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P EJERARFRDE U NOSE TPREOUE SRS EESU SRS JPF- SRR DR RISURE L S PN
AN 2l (CG 5 CB) Gy B i Ll Ul Ciand 5 (CM) ity Sl

Const. or C3s | Cc2s C3A | C4AF | Gyp | LQP | AEQ | LSF SM AM
Ratio % % % % % % % %
Sample No.
CM7-1 33.8 | 311 4.3 18.5 4.8 37.5 1.3 87 1.7 0.9
CM8-1 308 | 333 3.5 19.7 5 38.6 1.7 86 1.7 0.8
CM9-1 34 30.5 5.4 16.5 4.9 36.2 1.6 88 1.8 1
CM10-1 34.7 30.4 5.5 16.1 4.9 36 1.7 88 1.8 1
Average 33.3 | 313 4.7 17.7 4.9 37.1 1.6 87 1.8 0.9
CB7-1 34.7 30.3 3.9 19.1 4.8 37.9 1.3 87 1.7 0.9
CB8-1 34 30.7 4.3 18.4 4.7 37.3 1.3 87 1.7 0.9
CB9-1 32.8 32 4.3 18.7 4.9 38 1.7 86 1.7 0.9
CB10-1 348 | 304 4.8 17.6 4.7 36.9 1.4 87 1.8 1
Average 34.1 | 30.9 4.3 18.5 4.8 37.5 1.4 87 1.7 0.9
CG7-1 33.1 | 314 4.1 18.9 4.9 38 1.6 87 1.7 0.9
CG8-1 349 | 307 4.6 18.3 4.9 37.4 1.1 87 1.7 0.9
CG9-1 335 | 311 3.8 19.2 4.9 38 15 87 1.7 0.9
CG10-1 339 | 313 4.8 17.7 4.9 37.3 1.7 87 1.8 1
Average 339 | 311 4.3 18.5 4.9 37.7 15 87 1.7 0.9
A58l G.M.d\
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z3sail) Jidail Ayl Agiaeall ) sha¥) ey Al AxiY) 0 s cllalads (2) JSEl s
a3 (G B i Laiill Ui i 5 ety Sl 4 gladl) %‘\1\) Al ) z 3l (axd Bulk sample S
Lee ) iy e z3la o Gasis (Lea, 1970) by e Talaie] o 3laill A Jl) el Sl sl (apdds
i 5, Intensity 323 Cplal danall i shY) s & ga GRY) Gl (Sonall ) sina A 4glas 4330
g il 5 SO (55l Al o3 &l e g gl C3S VY ) oha r o s A Avinaall ) gl sl o
Jshs B, o and @) JSEY) ud &5 3) «C2S bl Hshs cduall galall g sl Al g3 &)
alaill (53 Na (e (s sinall (g 5lall g gill 5 aaSall (55l aUaill 53 (C3A and C12A7) g 55 Cisa 1Y)
A el g ol 2Uaill 63 (CAAF and C2F) ¢ 5 <l il ) gl I 5 i) umall (5 5L

2.,.\51:\.:..353\ 3«4\).\3\

Al )all Al LgiWama 5 4y SN U gSall amy g 4 G 5 A )| pualiall (5 gina (2) J sl a

B)ﬁsdj\AaJPu\J;\)j\&}mCJWQ&JLJ&A@}J&UMJ\)mbﬂ\ejau&}"mu\hm}c:\:\n;j\
Ciaia gl 3 ciiant) e BN ¢ oY) G yealiall (5 sine OV G Ul dsa s o B sOle dalall
Ao (A s COOAY) 5 Cianl) e 2al gl g il 23l G Sarall (g giaall 8 AL 2 sa g Aiamal) A )
Q@M\@Mm@%ﬁ\gw\gukﬁjf&j a};}‘;\_)@g_‘uléﬂ\ 138 5 ) skl 028 25

& Aaa gall 5 (Kohlhaas et al., 1983; Aitcin, 2008) oxialill 8 (1o A jiiall Ciiew) Ciliial ga
35S Cliial sall Cilne e ady A g el Cuianl) Zalal el s gisall o o ((4) Jsaal
A 0 gall e eliie) aae ) puly 28 Mdag et__a}li?,d\ Sl g oS Cal G sina il
bl Jare 8 iy A 5 aal) A3 4 ) il catans) (6 S joaad) ey GalU o sllaall JiaY (5 sinally
(2019) alad sedly (1984 <5 a8 A all Apulill ddeal sall dioeally Ailasl) cilibiiall (38
Lladl 2 gaadly (g oaal) Cuiend) il Sl diladll il 45 jlee ie 5 (5) Jsaad) 8 4oz sall
sl gall 038 3 gaa AaiUas 2l mres f 2ty (MO, SO3, LOI, IR, Cl) & sisal 5 & sllaall Ciliaal sall
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Al Al Al b (G s B e Laiil) Ul ciiand «CM

& (3) Usaadl (85 5Sal 5 A g paal) CriansY) ziladl ApilasSll CMlalaall any s il s
Aadaill 5y A 33 saldl Zilall aalgll g gl 23l O el aline 4 8 S S 25 e
o e )R] 2 ga s 2S5 138 5 cciian) (e DA &) DU o lalaall 038 ¥ are (8 3 g 5 SIS
(1984 <5 a8,) 48l ol dpuldll dial gall cdan cbaall Jore 8 el Ciend el (s sl
8 ad of Bas3l5 €9%102-66 Gn Ciewd LSF (ol g Lat¥) dale 208 (5) Jsaadl b damsalls
5583l Adual sall &y sllaall 3 gaal) e @ A 5 j2all gz 3laill Jalal)
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Ofial) Gy U8 (e da il ol sl CiianSU el (5 sinall Ciliial e 14 Jsaal)

Range Portland cement
Kohlhaas et al., 1983 and Aitcin, 2008
Constituent wt%
SiO; 18 —24
Al;O3 4 —8
Fe>,O3 1—8
CaO 60 — 69
MgO <5
SO3 <3
Na,O —
K>O —
Na,O+ K;0 <2
L.O.l —

(5) b Al yad) Aol il gl o il I gl i iaall A€l kil 5 J 2l

a8)_al) Lowlidl) dia) galf agd)_al) oulidl) dda) galf Janl) L g dal gall p
2019 Al Aanal) (5) a3, 1984 4iud (5) ad, (Shikiall) al i)
- 1.02-0.66 olsl) £ LY Jale
5 5 AW Al % 4 sadiall S g) (s gina
25 oS Lasie o) aal) 0y ) B o) GG (5 gina
2.5 5% (v B -2 1p gl (DG ilisa gl
5% ( AS)-b
2.5 Q0SS Ladie oY) aaldf 0 Cuy Sl a5l Gl (5 giaa
25 3.5%6 (s JB) -a sagaadlSh A Cilisa gl
3.5% (e A -b
4 4 SVl % (3 el )adY
15 15 A aal) 0 Al e Adiall 3 gal)
0.1 - u-‘ﬁ‘\l\éﬂ‘%ég‘)‘gm\gﬂaa
3.5 3.5 ASY Al 0 a gandlSl) G Clisa gl (5 gina
Adial gall (8 20aa 2 i ()

Lisa 1) Jalaa Lal g ¢80l 2a8 21 e (685 O ang IS Jalaa o ) (Duda, 1984) ksl
L s yaall g alal gl 45 a5 iy iSH o gliall CrianY) L) Alla b ol 0aK 0.7 4a () 5S5 o) o
OS5 s g1V Jalae af Lol ¢l (3l o sllaall sl (e S8 (585 LSl Jalra i 8 63 ) sS2al1 2 sas1ly
Schafer, 1987; ) ofiald) (e 23c 23 S8 (a5 saall) il S el il ) Saall aall diias
2 o Jasdly s 960.6 o= 4ded i Y oL (ASTM C150, 2007; Hewlett and Liska, 2019
Ja asags il slall e alad) o gall o) giaY ¢ sSAl) aall Aildae pe ()65 A g aall zalaill Jaleall 128
3l e sl Allaia ) G 5 ¢ pall ol 5 jldaiall iy glal) (pe Sl el (g jaal) Bas  Jids
s s il 8 131 ¢9628-20 ¢ Jiladl skl 4 055 O (Alitcin, 2008) 23a 5 laall (ual
pstie Cuianl (el Cianl) GY ol el e ST sSE d s o) CrienY) zilall Jalaall
skl A saly ) (AN g3 138 5 FluX o _gae 8aS Jaad Al sl lala ddlia) dali) callaty 5 by 5l
Gual) el il

zilad (o At N Aaaal) ) sk (g gine Clua il & JilE il 25a5 (3) dsaad) e a3l
& sinal Clical g cfialdl (e el 20a 5 ChianY) (pe AU &\)ﬂ\ Y ara (g CiianY) (e 2al I g sl
Criand st g el i) ) sSI A Ll 50 il e 38058 Y a5 saliie V) ChianY) 3 ) sl o3a
alad Aaxall 5 (1984 <5 ab ) 4 jall dpnldl) diial sall (385 iy Cutan) 138 O Cumy iy 5SU 4 lia
a3 615 943.5 e 238 YTl sl o glad) ciand) (& C3A sk A dial sall 028 chdas 32 (2019)
oslaall aall 6 Uae pe () 68 A g aall Z3lall ) ghall 1aa ol 305 Gl 131 (g Y1 i shaY)

52
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Ay 580 el A
G A g el A e ) il e oz 3lail 4l 3l Clia il C¥ x5 L (6) Jsaad) (e
ekis (1984 <5 a8)) 48l jall Al ddual gall 450 ) lallaiall s gy 450 5l (al 531 enaly
L-ﬂhS) .UA}JJAM CaianU JA\}” &}.\3\ C'JL“"U:.’-’fL’..\ 753 )A&JLM:}U E}ﬁﬁéu.uk_vl.sﬁ deag CSU.J\
Labai¥l) 858 5 il 5 Cilaal) elall A 5 Jaliall 48y ylay da gaill (ol i il ¥ ame (g 5 25a g
Y deaill G Jiy 5 Gl A3y ey L geill SV dre 212 35 Laiy (Ciian) (e BB £ 5D Gl 753 jend
Hewlett and ) desill » 5300 < 1) e JI65 dadlal) da gailld ¢ LY ey 5l o i) ciiandl Jledll

.(Liska, 2019
Aol A all 30 ae ) 5l Cuiant) z3lal 4 5l Cilia sadl) NV il 16 Jsaal)
Fineness Setting time Compressiv
Physical p > n | estrengthin
Test 32 g € | (MN/m?) of
23 S 3 age
) n =9 2 ‘:D
Sw 5E§Q'E§ S}C,NBD 33|31 28 0w | o
Sample No. =2 ERERE 4 S|32|23 |82 |48 |48
aa -5 Sa =2 |S= < <
CM7-1 431 93 28 90 | 3:00 | 0.04 | 30 40
CM8-2 421 92 30 70 | 2:10 | 0.08 | 28 38
CM9-2 360 94 26.5 140 | 4:30 | 0.07 | 29 38
CM10-1 431 89 27.5 150 | 4550 | 0.09 | 29 40
Average 411 92 28 113 | 3:38 | 0.07 | 29 39
CB7-1 324 93 27.5 150 | 4:40 | 0.07 | 30 38
CB8-1 349 97 27.3 140 | 4:45 | 0.03 | 33 40
CB9-1 325 90 24.5 130 | 4:30 | 0.08 | 30 38
CB10-1 396 91 26.3 120 | 4:10 | 0.08 | 30 40
Average 349 93 26 135 | 4:31 | 0.07 | 31 39
CG7-1 324 88 28 155 | 4:50 | 0.03 | 27 38
CG8-1 313 96 27.5 155 | 4:50 | 0.04 | 30 40
CG9-1 316 92 28 100 | 3:20 | 0.09 | 28 39
CG10-1 298 90 25 130 | 4:20 | 0.09 | 29 40
Average 313 91 27 135 | 4:20 | 0.06 29 39

Aol ddial gall 4300 judl)l Glllatall 2 gasy (6) Jsaadl (A AL jul) Gal &l il 4 i die g

O Cuny Aslhall 3paall dgilhae i) o Jasdl (7) dsaall 8 dacasall s (1984 ¢S5 ) 48l )

i’ 2019 alad Uanall dial gall (uii o V) ¢ el daaill < gl Tagan el al 3 ) 5Sa)) ddal sl

Of I ofinlll (amy Ll a8 Jaliall 44y yhay G gail) il Lol 3 gaall 03] Aijlae miliilld 131 cal Ta g

Barron and Johnson, 2010; Hewlett ) %95 ¢e J& Y 200 a8 Jaie (a8 lall af gall 45 siall Al
.(and Liska, 2019

hiil) Ll culawl

AiLe) clllaiall LAl Al il G5 B chia Ladill 1 Criand z3lad slafiu) sae ani (g
L) i) il Llae &35 ((APL 10A, 2010) Soe¥) hiill sgan Cilieal sl 430 il
5 sSall ddial gall 8 4 sllaall 3 gaaldly 350 5l Cilia gadll
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digzw\ouﬁcame}b 9 é)ﬁ;‘\amu._x;);&a
A S 33U 4 sl crianD (1984 (5) a8 ) 41yl 4l diial gall 431 58l clllaiall 17 Jsaall
Gland) clllate
4y <) 73S a glial) Al 8l Gal gA)

250 (p25/%8) o= J5 Y (Blaine) 4a yh da sail)
(Vicat) e oslie clulall cd

45 (Aady) e Y- Al (a

— (Ael) Ao 2V — Sl (b
0.8 (%) e 235V aeaall 45 oy (ilill) Aadld)
15 (e /s Sae) oo iy ¥ darall Jass

23 AL A yemy 1

Al dms yemy 2
— (e /8 Sae) oo J Y aal g2 yem (LIS (aad) Al Jaas

i) cilthaial)

kel Ay ) dpamall ) shY) (g (s sina s AiliasSl Jallacll ¥ ana s il (8) Jsaadl paia sy

u.\;E‘EJ}SM\@}Y\M\qu&a\yu%uuaj‘tu\)ﬂ\EG)BLJMLSJ\JDYL_L\M\

DMLJ\MJLL)AJ GjBu.LmugaLs.\l\ Jh]my@w\ d:d;ﬂ\ qu:ua‘ﬁmu_)uﬁk;)\_}

& 55) bill Ul CaenY b)) cildhiall 4 el clial sall 3 gany (8) Jsandl (A dai gall il

(MgO, SOs, LOI, IR) a8 of B33 (9) Jsaall b & sally (API 10A, 2010) S <Y1 il

wug.c}.\ﬂjo‘))s.ld\ Q\A.;A\}Aua&ﬂ.ka UJSJL@—“\‘}IJMJL.&}JM\ G)Bu.ha.ks.\]\ JLJ &Lumui CJLA.\J

CG10-1 zisailly B caia ,LY) ciianl CBO-1 zisall IR af ¢l HSRs MSR uiessd)
el z3il C3S ) sh s siae Ll 4 il g}g\w)‘:si}agmﬁéws:eqmjw\m‘y

Cildeal gl d8tas 0 5S3 eV ra s Gy B e JUY) Ciiend 3kl C3A sk (s 5ine o a5 \HSR

Giiaul 7 3lal CAAF+2C3A s sine Lol [HSR g 58 ians) Clisal sal Aillas 52 s MSR g 55 uiansY)
Ol 5 HSR g 58 Criandl 4y sllaall 3 gaall e JiSI 5 ddllas je g8 iVara s Gy B chia LY

Asthall 250l e ST didas e 0S5 e¥anas G i LY e z3ail NaOEQ s sias
HSR s MSR g 5 el

.(API 10A, 2010) S e Jadil) agas liial ga

Oil well cement class Iragi oil well cement Class B Iragi oil well cement Class G
No. of sample CB CB CB CB » | CG CG CG CG >
7-1 8-1 9-1 | 10-1 s | 71 8-1 9-1 | 10-1 S
Chemical a a
Requirements % @ ®
Magnesium oxide (MgO) 3.65 | 3.62 | 358 | 359 | 3.61 | 359 | 3.65 | 3.60 | 3.61 | 3.61
Sulfur trioxide (SOs) 223 | 219 | 227 | 217 | 222 | 229 | 227 | 2.26 | 2.28 | 2.28
Loss on ignition (LOI) 179 | 241 | 157 | 208 | 196 | 186 | 1.38 | 2.02 | 1.61 | 1.72
The insoluble residue  (IR) 0.72 | 0.57 | 0.90 | 044 | 0.66 | 058 | 056 | 0.74 | 095 | 0.71
Tricalcium silicate (C3S) 347 | 34 | 328 | 348 | 34.1 | 331 | 349 | 335 | 339 | 339
Tricalcium aluminate (C3A) 3.9 4.3 4.3 4.8 4.3 4.1 4.6 3.8 4.8 4.3
Tetracalcium aluminoferrite 26.9 27 273 | 272 | 271 | 271 | 275 | 268 | 27.3 | 27.2
(C4AF) plus twice the
Tricalcium aluminate (C3A)
Total alkali content expressed | 1.3 13 1.7 14 14 1.6 11 1.5 1.7 15

as sodium oxide (Na2O)
equivalent
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CAAF+2C3A ssises HSRs MSR ¢ 5ily B e LY ciand ¥ sk (5 gina Ll
MSR ¢ 5 B ciia LY Ciewy NazOEQ sise iS5 MSR ¢ 58 G B “hiva JLY) Ciieny
Dbl e A s o) Ealall gl of G e Laa s agd Ao sllae o gas cliial sl el o) (HSR
Ao giall Juine g silly (S5 dadill agae cliial sl diesll clilhidl dilhe G5 B Ciia Ll
dpall dlhe e G Chia il Ll Ciiand z3kil Na2OEQ s C3S s sise ¢liiiuly MSR iy Sl
Ao sthaal)

3¢aa il 3o lilkic i 9oy G5 B ainal HSR 5 MSR g i Jadill Ul e 4Lal ciliaal gal) 19 J 52l
(API 10A, 2010) S ¥! Jasdl

Oil Well Cement Moderate sulfate- High sulfate-
Grade and Class resistant grade resistant grade
(MSR) (HSR)
Chemical Class Class Class Class
Requirements % B G B G
Magnesium oxide (MgO) (max.) 6 6 6 6
Sulfur trioxide (SO3) (max.) 3 3 3 3
Loss on ignition (max.) 3 3 3 3
The insoluble residue (max.) 0.75 0.75 0.75 0.75
Tricalcium silicate (C3S) maximum NR 58 NR 65
minimum NR 48 NR 48
Tricalcium aluminate (C3A), (max.) 8 8 3 3
Tetracalcium aluminoferrite (C4AF) plus twice NR NR 24 24
the Tricalcium aluminate (C3A) (max.)
Total alkali content expressed as sodium oxide NR 0.75 NR 0.75
(Na20) equivalent, (max.)
¢ NRindicates '"'no requirement"

Ay 3l clathatial)

38 A Gy B chia hadill U el g 3lail 40 5l Cilia sadl) < ana 5 il (10) Jsandl sy
O dsa s bl ada el s (Ll 5 S0 S5 el Tl agae Cilidial ge lillaie G g Al )l
2l A e die 5 5 AY) Gal Al (asd Ol s gy pal Al (sl aal gl Chiall zila mlE
Dbl iien A i) clllaiall 4 sllaall il sall 2535 (10) Jsaad) (& daa sall 4 il Cilaa gadll
223l ¢(11) Jsaall 8 daum sdll 5 (AP] 10A, 2010) (oS3 oY) Jaiil) 30 il 5l G 5 B i Luil
453 zisall XSy B chia LY Cuianl (e 4 73 sail Guakill g dpala oLl 4 el Ciliia) sal)
dgra Sliial ga o WS Adal gally o gllaall 501 asdl e Jil g Alas je (68 G caba LY i (g
e () samall DS 5 (G Caia HLY) e A gl dpals cliial gal Tagan el ol S ) Ladil)
‘)L{\J\ Q.\MY u\;l\ ey MUS&JS) eB&JM‘)L&\ C\.\MY ‘);J\ Cﬁw\ S siaa g cG)B&JM‘)L{Y\
.GsB wua

Osaze LIS o N (Lavrov and Torsaeter, 2016; Hewlett and Liska, 2019) ouil g ‘
Barron and ) Jew/eé 3.15 JamaS @l Aiall Cuian ¥ A8ES Ll Gon/pe 2.28-1.38 0 sl e
Caiia Jadill il el 3l il o) G @38 sy (Johnson, 2010; Hewlett and Liska, 2019
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Al A Hall & G5 B i Jadill LT Cuian] 3lail 4l 3l Cla sl Y ana 5 2385110 J saal)
(AP 10A, 2010) sSs yY Laiil) agae Glial g0 ililhiie a5

Oil Well Cement Class
and No. of Sample

Physical
Requirements %

Iraqi oil well cement Class B

Iraqi oil well cement Class G

1 2 3

4

Bedany

1

2 3 4

Mix Water (W/C) %

46 46 | 46

46

44

44 | 44 | 44

Fineness (Blaine) (m¥kg)

324 | 349 | 325

396

324

313 | 316 | 298

Slurry Density, gr/cc

1.87 | 1.86 | 1.87

1.86

1.87

1.89

1.89 | 1.87 | 1.88

Thickening time test (at 45°C,
26.7 MPa) min.

139 | 114 | 95

85

108

Thickening time test (at 52 °C,
35.6 MPa) min.

113

98 63 80

Free fluid content, %

0.9

0.5

2.7

1.3

Compressive strength test
(Curing in 8 h at 38 °C under
atm.) MPa

5.7

5.2

5.2

3.8

5.6 8.2 5.1 5.7

Compressive strength test
(Curing in 8 h at 60 °C under
atm.) MPa

10.5

11 146 | 132 | 123

Compressive strength test
(Curing in 24 h at 38 °C under
atm.) MPa

10.7 | 11.6 | 11.3

11.9

114

Dry cement density, gr/cc

3.16 | 3.16 | 3.20

3.16

3.17

3.15

3.17 | 3.16

3.18 | 3.15

éﬁﬁy\hﬂ\%@&m\ﬁﬂmg}ﬂG}BAﬁmhﬂ\ DUl e Al 5l claal sl 211 Jsaal)
.(API 10A, 2010)

Oil-Well Cement Class Oil-well cement Oil-well cement
Physical Class B Class G
Requirements % Minimum | Maximum | Minimum | Maximum
Mix Water (w/c) % 46 44
Fineness (Blaine) (m?kg) 280 | NR |
Slurry Density, gr/cc NR NR
Thickening time test (at 45 °C, 26.7 MPa) 90 NR
min.
Thickening time test (at 52 °C, 35.6 MPa) 90 120
min.
Free fluid content, % NR NR NR 5.9
Compressive strength test (Curing in 8 h 1.4 2.1
at 38 °C under atm.) MPa
Compressive strength test (Curing in 8 h NR 10.3 —
at 60 °C under atm.) MPa
Compressive strength test (Curing in 24 10.3 NR
h at 38 °C under atm.) MPa
Dry cement density, gr/cc NR
NR indicates '"'no requirement"’
Slaliiiay)

On Sl G sinall 8 € e e ade Ayl a;fu“y\ z3klail dgiaeall Al ol @ ekl
L)) dpaeal) ) Y (5 sina o5 cdadaill 58 IS 33 alall dilisdl £1 Y1 s sl g sl Z3ls
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